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Introduction
The narrow isthmus of Central America separates the Pacific and Atlantic Oceans and the Panama Canal has provided intra-oceanic passage for commercial and recreational ships for almost a century. In October 2010, the Panama Canal Authority celebrated the passage of one million ships through the canal since it opened in 1914. Due to the heavy international shipping traffic through the area, the Panama Canal region is susceptible to non-native species introductions. Shipping (e.g., ship hulls, ballast water, sea chests) provides vectors and dispersal mechanisms for non-indigenous species (Coutts and Dodgshun 2007; Minchin et al. 2009 ), including ascidians. Cohen (2006) documented the presence of non-native invertebrates at the Panama Canal, including the ascidians Botryllus schlosseri (Pallas, 1766) on the Pacific side of the canal and Botrylloides perspicuum Herdman, 1886 , Cnemidocarpa irene (Hartmeyer, 1906 , Diplosoma virens (Hartmeyer, 1909) , and Polyandrocarpa zorritensis (Van Name, 1931) on the Atlantic side of the canal.
Transport of exotic species around the world is increasing due to increased activities associated with international trade and movement of people (Cohen 1999) , and an increased volume of shipping traffic is concentrated at canal zones (Cohen 2006) . Ascidian introductions are occurring worldwide but little is known about introductions at the Panama Canal. Ascidians are highly invasive Lambert 2007 Lambert , 2009 ) and recent appearances of exotic ascidian species around the world have caused significant ecological and economic damage (Coutts and Sinner 2004; Bullard and Carman 2009; Carman et al. 2010) .
The ascidian fauna in Atlantic Panama waters, specifically at Bocas del Toro, has been well documented . However, there is no published report of ascidians in the region around the Atlantic entrance to the Panama Canal. Previous ascidian work in the Pacific Panama area is similarly limited. Van Name (1945) documented eight species in Pacific Panama waters and Tokioka (1971 Tokioka ( , 1972 documented 13 species in neighboring Pacific Costa Rica waters (Table 1 ). The only analysis of ascidian faunal composition conducted concurrently on both sides of the Panama Canal was a brief rapid assessment survey (RAS) in 2002; the ascidian data are published in full here for the first time. Because the Panama Canal is a critical link to global trade, the canal likely acts as a pathway for ascidian transport. Baseline data on regional ascidian populations provide a foundation for further ecological research of ascidian populations. Therefore, we identified ascidian species on both sides of the canal.
Panama's climate is humid-tropical with marked seasonality, including a dry season (mid December to mid April) and rainy season (mid April to mid December) (Guzman et al. 2004) . The Bay of Panama on the Pacific side is an area of seasonal upwelling, large freshwater runoff and high concentrations of inorganic nutrients and plankton (D'Croz et al. 2005) . The greater tidal range, wider annual temperature range, and seasonal salinity changes on the Pacific side of the canal may impact subtidal fauna (Cohen 2006) . In contrast, the Caribbean coast has more stable oceanographic conditions, small tidal range (<0.5 m), less turbidity and lower concentrations of dissolved nitrate and phosphate (D'Croz and Robertson 1997) .
Methods
Surveys were conducted in 2002, 2008, and 2009 at several sites within the Pacific and Atlantic entrances to the Panama Canal (Figure 1 ). We explored 16 sites (Appendices 1-2) that represented 118 km (74 miles) of Pacific coastline and 109 km (68 miles) of Atlantic coastline and surveyed natural and artificial substrates in shallow waters (<3 m) in different habitats either by walking access or through the use of small coastal research vessels and snorkeling. Each station was surveyed for approximately two hours. All substrates at the surveyed sites were equally searched and when appropriate, small rocks were overturned and examined. Representative ascidian individuals were photographed in situ, collected, preserved in formalin, and identified. Voucher specimens are housed at Universidade Federal do Paraná with R. Rocha. Latitude and longitude were recorded for each site with a hand held GPS unit. Salinity was measured at the surface with a refractometer (Atago S-10). The ascidian fauna of the Atlantic Panama Canal is likely more diverse than reflected in our surveys because access to Atlantic sites was limited; due to political instability in the area and upon the advice of our guide, we only surveyed at sites on the Atlantic side of the canal that were deemed safe.
Results
We found ascidians attached to bricks, rocks, corals, bivalves, barnacles, mangrove roots, docks, pilings, mooring lines, and a shipwreck in subtidal shallow waters. No ascidians were observed in intertidal habitats. Salinity measurements at sites where ascidians were present ranged from 28 to 36 psu. At the Pacific entrance to the Panama Canal we found 20 taxa: 17 identified species (3 native, 7 introduced, 7 cryptogenic species), a presumed new species (Ascidia sp.), and two taxa identified only to genus (Botrylloides sp. and Didemnum sp.). At the Atlantic entrance to the Panama Canal we found 19 taxa: 18 identified species (6 native, 2 introduced, 10 cryptogenic species) and an unidentified species (Didemnum sp. white with green algae).
Of the 22 species previously found in the Pacific waters of Costa Rica and Panama (Table  1 ) (some of which were dredged in deeper waters), six were found in our shallow water Pacific surveys (Appendices 1-2). This is the first report of Polyandrocarpa anguinea (Sluiter, 1898) and P. sagamiensis Tokioka, 1953 (Van Name, 1902) in Pacific Panama waters.
Both Pacific and Atlantic ascidian faunas at the Panama Canal were dominated by non-native or cryptogenic species. Non-native species were very abundant; native species were less common or rare (Table 2 ). Six species occurred on both sides of the canal [A. sydneiensis, B. nigrum, D. listerianum, M. exasperatus, P. constellatum, and Styela canopus (Savigny, 1816) ]; all are species common to the fouling communities of ports and marinas of the world. We considered the new species, Ascidia sp., as a native species (Table 2) because we found it in Panama waters but it may be a cryptogenic or introduced species.
Discussion
The ascidian fauna at the Atlantic and Pacific sides of the Panama Canal are very diverse compared to other areas that have been surveyed. We found approximately 20 species of ascidians (Table 2) .
We found more non-native species in the Pacific ascidian fauna (7 species, 35%) than the Atlantic ascidian fauna (2 species, 10%). By comparison, there were seven species (54%) in New England (Pederson et al. 2005 ) and 14 (54%) in southern California (Cohen et al. 2005) . Our figures are conservative because of the high number of species designated as cryptogenic; some if not all of these cryptogenic species may be non-native which would bring the number of Atlantic Panama non-natives to 14 (70%) and Pacific Panama non-natives to 12 (60%). Lambert and Lambert (2003) showed that there is a significant latitudinal increase in non-native ascidian species in estuaries on the Pacific coast from Alaska to southern California.
Ascidian diversity may be related to coastal development patterns and environmental impacts (Carman et al. 2007) . Ascidians are common inhabitants of harbors and marinas in temperate Tokioka (1970) , Monniot ( , 1995 , Goodbody (1984) , C Monniot and F Monniot (1994) , F Monniot and C Monniot (1996 , 1997 , 2001 ), Rocha and Monniot (1995) , Kott (1998) , , Lambert (2002 Lambert ( , 2003 , Lambert et al. (2005) Didemnum perlucidum x I Caribbean, S and SE Brazil, Senegal, Indo-west Pacific, Zanzibar, Hawaii, Guam, Palau, Florida, Gulf of Mexico ? , Rocha and Monniot (1995) , Monniot and Monniot (1996) , Godwin and Lambert (2000) , Paulay et al. (2002) , Lambert (2003) Didemnum sp. white with green algae Millar (1957) , Monniot (1974) , Goodbody (1994) , Rocha and Bonnet (2009) Phallusia nigra x C Bermuda, USA (Florida), Caribbean, Brazil, Guinea, Angola, Mediterranean, Red Sea, Persian Gulf, Indo-west Pacific, Hawaii, Guam
Van Name (1945), Millar (1958 Millar ( , 1975 , Pérès (1958), Abbott et al. (1997) , Lambert (2003) Polyandrocarpa anguinea Millar (1955 Millar ( , 1962 , Rodrigues (1977) , Monniot and Monniot (1994) Polyandrocarpa sagamiensis Tokioka (1953) , Abbott et al. (1997) , Lambert (2003) Polyandrocarpa zorritensis x C SW USA (California), Peru, S and SE Brazil, Mediterranean, Japan, Hawaii ? Van Name (1945), Nishikawa et al. (1993) , Abbott et al. (1997) , Lambert (1998, 2003) , Rocha and Kremer (2005) Polyclinum constellatum Van Name (1945), Tokioka (1970) , C Monniot (1983 C Monniot ( , 1994 , Nishikawa (1984) Pyura torpida Tokioka (1971 Tokioka ( , 1972 Styela canopus x x C E and W Atlantic, Indian Ocean, Australia, W Pacific, Hawaii, Guam, Easter Island, USA
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Caribbean? , Lambert et al. (2005) , Rocha and Kremer (2005) Trididemnum orbiculatum Van Name (1945 ), F Monniot (1983 , Rocha and Bonnet (2009) and tropical waters (Van Name 1945; Monniot et al. 1991) . In particular, because of their ability to be transported by ships and boats, ascidian diversity may be correlated with coastal shipping patterns, especially of non-native species. Thus, the high diversity of ascidians, especially introduced, non-native species, that we found was expected. It is unclear whether ships introduced the nonnative ascidians we found to the Panama Canal area and what role the canal serves as a corridor for these species. The canal is comprised of a series of interconnected freshwater lakes and this barrier probably inhibits some ascidian transfers. However, many ships take only about 11 h to transit the canal and some ascidian species are known to survive long periods with closed siphons (Sims 1984; Katayama and Ikeda 1987; A Coutts unpubl. obs.) . In addition, ships are often required to wait several days at the entrance to the canal before they can transit. As a result, ships originating throughout the Pacific and Atlantic cluster together at mooring and anchor sites near the mouths of the canal. These ships could serve as major vectors for intraoceanic introductions.
Environmental conditions can influence ascidian populations (Lambert 2001 (Lambert , 2005 . Rainy season inputs to the study area can be considerable (Ibáñez 2005 ) but rainfall only temporarily reduces inshore salinity, particularly where tidal fluxes are large. Ascidia spp. and R. birkelandi must be able to tolerate a wider range of salinity and sediment fluxes than other ascidian species observed in our surveys because we easily found them in waters with salinity measurements of 29 to 36 psu and in shallow waters immediately adjacent to terrestrial sediment sources. High concentrations of nutrients usually coincide with heavy rainfall as well as coastal development; dissolved inorganic nutrients and plankton are at high concentrations in Panama coastal environments (D'Croz et al. 2005) . Shallow water ascidians benefit from coastal nutrient input; this may be the reason for high ascidian biomass in Panamanian harbors and marinas on both the Atlantic and Pacific coasts. However, high levels of sediment flushed into systems by rainfall may negatively affect ascidians (Whitlatch and Osman 2000; Petersen 2007 ).
The ascidian faunas at both entrances to the Panama Canal are probably constantly changing because of frequent species introductions, disturbances due to coastal development, and seasonal changes in environmental parameters (e.g., rainfall). Two of our sites were surveyed in 
